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The large branching ratio for B — > K\ 7 recently measured at Belle implies a large B — > Ki 
transition form factor and large branching ratios for non leptonic B decays involving an axial- vector 
meson. In this paper we present an analysis of two-body B decays with an axial-vector meson in 
the final state using naive factorization and the B — > K\ form factors obtained from the measured 
radiative decays. We find that the predicted B —* J/ip K\ branching ratio is in agreement with 
experiment. We also suggest that the decay rates of B — » K\ n, B — *■ ai K and B — *• fei K could be 
used to test the factorization ansatz. 
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I. INTRODUCTION 



Our analysis is based on the recent announcement from the Belle collaboration concerning the first mea- 
surement of the branching ratio B for B decay into #1(1270) 7 Q]: 

B(B + -> #+(1270) 7 ) = (4.28 ± 0.94 ± 0.43) x 10~ 5 , (1) 

together with an upper bound on #i(1400): 

B(B + -» ^+(1400)7) < 1.44 x 10~ 5 (at 90% C.L.). (2) 



These results should be compared to B — > K*j. The decay fractions measured by CLEO ,2], BaBar 
and Belle Q Collaborations result in average branching ratios B(B° K*°j) = (4.17 ± 0.23) x 10~ 5 and 
B(B+ -> K*+j) = (4.18 ± 0.32) x 10~ 5 . 

The large measured B(B + — > #+(1270)7) is a surprise since recent calculations 0, IE Q S] predict a 
branching ratio smaller than the measured value by a factor w 4, though a previous calculation || gives 
a larger branching ratio, in the range (1 — 4) x 10~ 5 , not too far from the measured value. However the 
small tensor B — > If 1 form factor for the radiative decays B — ► #17 obtained by these recent calculations 
implies also a tiny branching ratio for non leptonic two-body B decays with axial-vector meson in the final 
state. Therefore one would expect a small branching ratio for B — > J/ip K\ . This is in contrast with the 
large measured value ^(J for this decay. This value is comparable with the B — » J/tp K* branching ratio, 
which implies that the form factors for the transitions B — » #i(1270) and B — » K* should be similar in size 
in order to explain the large branching ratios for both the radiative and the non leptonic B — ► if 1 (1270) 
decays. The aim of the present letter is to present arguments to show that this is indeed the case. We 
employ naive factorization and the heavy quark symmetry to relate the tensor form factor of the radiative 
transition to the form factors that describe non-leptonic decays. From the measured radiative decay rates as 
well as recent data on branching ratios and polarizations for B — > J/ipK* decays, we find that the predicted 
B(B — > J / if; K 1 (1270)) agrees with the experimental results. 

From the data , @ we also derive some straightforward predictions for a few non leptonic decay channels 
involving light strange or non-strange axial-vectors in the final state. This can be achieved by making 
use onl y o f naive factorization and relations obtained from the Heavy Quark Effective Theory (HQET) 
12Lll3|. Our approach is therefore in the spirit of the chiral effective theory for heavy mesons, see e.g. 
1st lid Il7l , and for a review [l9| , where a similar approach was used to relate a number of decay 



channels of heavy mesons using the approximate symmetries of HQET. 



II. B -» #1 RADIATIVE DECAYS AND THE MIXING ANGLE 



The #i(1270) and i^i(1400) are strange axial-vector resulting from a mixing of 3 Pi and l P\ states. 
Following PDG |20j , we denote by K\a and K\b the 3 Pi and 1 P\ states of K\. Thus we have 

#1(1270) = K lA sm6 + K lB cos0, 

K x (1400) = K 1A cos 9 - K lB sin 6 . (3) 

The mixing angle 9 has been determined up to a fourfold ambiguity, see and, previously, [2l|. The masses 
of Kia and Kib, can be determined by the relations [2l| 

2 _ 2 1 2 2 

m K 1A — m K 1 (1270) ~r m K 1 (1400) — m K 1B ' 
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2m K 1B — m b! (1235) + m hi (1380) • ( 4 ) 

K\b belongs to the same nonet as the states 6i(1235), /ii(1170) and ft.i(1380); K\a, ai(1260), /i(1285) and 
/i(1400) are also in the same nonet, different from the previous one. Besides (J3J) we also have 

2 2 

cos 26 = — KlB _ f 1A . (5) 

771 ifi (1270) ~ TO Xi(1400) 

Using © and JSJ) and restricting to < 8 < 90° we get only two solutions [2lJ : 

Sol. [a] : 6 = 32° , (m KlB5 m ifiJ = (1310, 1367) MeV , 

Sol.[b] : 6 = 58° , (m KlB , m KlA ) = (1367, 1310) MeV . (6) 

These results give a clue for understanding the Belle results. In fact, for any reasonable computational 
scheme the form factors Pi(0) that determine the radiative decays B — > K\a1 and B — > K\b1 should be 
almost identical. This is confirmed by the dynamical calculation of Ref. Q that gives for this ratio 

where the form factor is defined by 
(Kitf,e)\8ir ta ,(l + <yi i )>fb\B(p)) = ie^e* W^TiGz 2 ) + [e*(m|-m^) - (e* • g)(p + p'W^^ 2 ) 

+ [(e*-q)q, 2 ^ 2 fr + p'W(<? 2 ) . (8) 

Here Ti(0) = 72(0), while T3 does not contribute to the radiative decay. A similar definition holds also for 
B — > K*. We note that, from experiment, 



,- ^ lW (0) // ml-m^ y g^ ^i(1270) 7 ) ^ 



As to if 1 (1400) we get 



S(S -► ^(1270)7) \m 2 B - m\ (1270) / 



B(B -» ^i(1400)7) _ /m| - m^HOOn 3 7^*^(0) - tanfl Tf^ KlB (0) 



Tf^ KlB (0) + tan 6> T^ KlA (0) 



(10) 



Assuming the value Q we can predict, from the Belle result Q the value for B(B — > i^i (1400)7). The 
result is in Table |U Both the solutions obtained are in agreement with the upper limit J5J). 



III. Ki LEPTONIC DECAY CONSTANT 



K\ leptonic decay constant can be derived from r decays. Let us denote by A a generic axial-vector meson, 
i.e one of the following states: K\a , K\b , a>i , &i< We also denote by P , P^ the pseudoscalar mesons, and 
we use the following definition for the matrix elements of weak currents: 

(0\A ll \P(p))=if P p fl , (A(e,p)\A^\0) = f A m A e;. (11) 

From the r — > K\ data (3 we get 



/^(mo) = 171 MeV, 



/ki(1400) = 126 MeV 



(12) 
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Using the mixing angle we derived and SU(3) symmetry we get 

Sol. [a] (6 = 32°) : (f bl , f ai ) = (74, 215) MeV , 

Sol.[b] (0 = 58°): (fb 1 , f ai ) = (—28, 223) MeV . (13) 

We note that these values might be useful to compute weak decays with non strange axial vector in the final 
state. 



IV. B -> KiJ/ip 



For the decay B — * K*J/ip and B — > K\J/ip we have the experimental result reported in Tableland we 
may ask if they are compatible with the Belle result JTJ . 

We use a simple scaling relations, based on HQET, which allows to relate the form factors for the transition 
B — > K* via V-A current to those describing transitions by a tensor current. At large q 2 it relates the A(q 2 ) 
and Vi(q 2 ) form factors defined by 

<A(e,p')\V»-A»\P(p) > = +i( mp + mA y»V 1 (q 2 )-i ( '* - g) (p + p'YV 2 (q 2 ) 

mp + mj( 

- z( £ * ■ q) 2 -^q» [V 3 (q 2 ) - V (q 2 )] - ^ e^e* v p a p' p (14) 
q z mp + m_A ' 



where 



V 3 (q 2 ) = ^^V 2 (q 2 ) + ^±^ Vl (q 2 ) (15) 
zm.4 Zm_A 

and V 3 (0) = V (Q), with T\(g 2 ) in © as follows 

Ti (q 2 ) = * 2 + <- m ^ . _^!L_ _ !!^±^ Fl(g2) . (16) 
2m b mB + mK! 2ms 

Moreover we assume that the effect of substituting K* with K\ is identical in the radiative and in the non 
leptonic decay, in other words that each form factor for the B — > K\ transition is given by the corresponding 
form factor for B — > K* multiplied by the same factor y, once the change of parity between the two strange 
mesons is taken into account. On this basis we predict 

5(5^^(1270)^) B(B — > K*j) _p Kl f m 2 B -m 2 K , \ 3 f pi m^_\ 

B(B -> K*J/^) B(B -> ^(1270)7) PJf . Ul - / V " Pk« ™U 

Here (we use the BaBar data |22j) 

Tn(B -> K*J/t^) 

= 0.24 ±0.04 
x x = " "/ V = 0-16 ±0.03 

r(s k*j/4>) 

while pk* (resp. PK t ) is the cm momentum of K* (resp. K\) for the nonlcptonic decay B —f K*J/ip (resp. 
B -» XiJ/V). 



T(B - 


> K*J/ip) 


r ± (B- 


-> i<r*j/^) 


r(B - 


* A"*J/V>) 


r L {B- 


-* K*J/^) 


T(B - 


* if* 



■5 



The r.h.s of eq. I|18|) has the numerical value r.h.s. = 0.64, while 

j , _ fO.94 (neutral mode) 
1.30 (charged mode) 



(19) 



with experimental uncertainties of around 50%. Thus we see that the experimental results for B — » 
Ki (1270)7 and B ~ * Ki(1270) J/ip are compatible within the errors. We report in Table [I] our predic- 
tion. Similar arguments apply to the decay B — > if 1 (1400) J/ip. Also these results can be found in Table 

ID 



B -> Km 



For B — > Kin decays, if qk x and qx* are respectively the cm. momenta of K\ and K* in the reactions 



B 



K\~k and B — * K*tt, one gets, using factorization 
B(B+ -» K°n+) B{B° K+n-) 



B{B' 



K* 



B(B° -> K*+n-) 



qK* 



3 2 
m 



K* 



III 



Here we use the form factor F± defined by 



{P'(p')\V ll \P(p))=F 1 ( q 2 ) (p, + W) 



mp — m f 



F^(m 2 Kl )f Kl m Ki 
F^{m 2 K »)f K *m K * 



Fo(q 2 ) 



nip — Trip, 



(20) 



(21) 



and a simple pole formula, with a pole mass equal to tub* , for the q 2 behavior of the F^^™ form factor. 
The results obtained by H20|) are reported in Table [I] and represent an interesting test of factorization. It 
is indeed quite possible that both B — > K*ir and B — > K±tt decays take non-factorizable contributions 
from long distance operators formally suppressed in the m& limit, see e.g. |23j, or power corrections in QCD 
Factorization 24]. In this case the predictions of the last four rows in Tablc[I]would get significant violations, 
pointing to non-factorizable contributions to the decay amplitude. 

The reactions with a ir° in the final state: B + — ► K^~ir° and B + — > K^tt involve two form factors F\ 
and Vo and different combinations of Wilson coefficients and CKM matrix elements. As explained in the 
introduction the main purpose of this letter is to pick up a few decay channels involving light and strange 
axial- vector mesons in the final state whose rates can be predicted using only the Belle results [2^, r decay 
rates and the factorization hypothesis. On this basis we skip these channels leaving a complete analysis to 
a future paper. 



VI. B 



AiK 



Also in this case we have some clear predictions based on factorization: 



B(B~ 



B{B+ -» p+K°) iact . 

B(B+ -> 6+if°) fact . 
B(B+ - p+Kl ct ) 



got 

Qp 
£61 



sin 9 



cos 1 



Vr 



B->K"i(1270) 







(m^) 



■ A"i(1270) 



(m^) 



A^(m 2 K ) 



cos 



smi 



Ki(1400) 







(m 2 K ) 



A^"(m 2 K ) 



B^K 1 (XA00) ( 2 \' 



#4 



#4 



(22) 
(23) 
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B(B° -► a^K+) fact . 



B(B° 
B(B° 



P i^ + )fact. 



B(B° -> p-if+) fact . 



got 

gbi 
9p 



B->.Ki(1270) 



suit 



o 



(rn 



Ki (1400) 



,B^p 



B->Ki(1270) 







(rn 



COS( 



sin ( 







B-»lfi(1400) 







(mf 



-4 



B- 



'(m 2 K ) 



R- 



R. 



(24) 



(25) 



( m ir) 

where the subscript means that we consider only factorizable contributions. Vo has been defined in (|14J) and 
if \V) is a vector meson state, 



< V(e,p')\V>* -A»\P(p) > 



i(mp + mv)e*^ A\(q ) + i 



nip + niy 



(p + pTMi 2 ) 



+ i(e*. q )^ q »[A 3 (q 2 )-A ( q *)] 



2V(q 2 ) 
mp + itla 



e e vPaP/3 



and 



A 3 (q 2 



my — mp 



A 2 (q 2 



m v + mp 



Mq 2 ) 



(26) 



(27) 



2my 2my 

with ^3(0) = Aq(0); q ai and q bl are the cm. momenta of a\ and b\ respectively; the factors R± are defined 
below. 

It is a well known fact that factorization terms give small contribution to the decay rates B + — > p + K°, 
B° — > p~K + ; for example, for the B° — > p~K + channel, the experimental result B(B° — > p~ K + ) = 
(7.3 ± 1.8) x 10 -6 13 is larger by one order of magnitude than theoretical predictions based on factorization 



This is mainly due to the large cancellation between the penguin contributions appearing in the 
denominator of the two factors R± . These two factors differ by 1 because of the different parity of the vector 
and axial-vector mesons. The penguin operators Oq and 0% distinguish the two parities and therefore 

2 



/ a w (2a 6 -a 8 )m 2 K \ 

QS4 1 : — r 



aio 
2 



(m b - m d )(m s + m d ) 



«4 



aw 
2 



R- = 



a 4 + a 10 + 



(2a 6 - a s )m K 
(mb + md)(m s + md) J 

2(q 6 + qg) m\ \ 
(m b - m u )(m s + m„) 



a 4 + a w 



2(a 6 



a 8 ) m 2 K 



(28) 



(29) 



(m b + m u )(m s 



For numerical evaluation of these coefficients we take [2JJ: C3 



- m u ) J 
0.013, c 4 



0.009, c 6 



-0.029, c 5 

-0.033, c 7 /a = 0.005, c 8 /a = 0.060, c 9 /a = -1.283, c w /a = 0.266, with a, = a + ^ (i=even). The 
other two Wilson coefficients C2 = 1.105, C! = —0.228 are of no interest here. Moreover, for the current 
quark masses we use the values m& = 4.6 GeV, m u = 4MeV m d — 8MeV, m s = 0.150 GeV. We get 
therefore 



R+ w 160 , R- w 80 . 

Following the same procedure of Section Hvl we evaluate the ratio of form factors as follows. 



vrKl 



(rn 



B^ K 



A^P(m 2 



Ki 



A, 



B^p 



x (0) m K , m B + m Kl - (m B - m Kl ) z 

= If ; r — 

(0) m Kl m B + m K , - (m B - m K *) z 



(30) 



(31) 



Here y is defined, for ifi(1270) by (0; a similar expression holds for (1400) and 2/^(1400) = 0.14 for 
9 = 32° and J/Ki(i400) — 0-35 for 9 = 58° . The factor z is defined as 

lB ^ P (0) ^A^ K '(0) 



A B^p 



'(0) 



(0) Af-**(o) 
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We take the value z = 0.93 intermediate between the value z = 0.9 predicted by light cone sum rules 
[3] and z = 0.95 given by the BWS model 13 . Although the phase space and the ratio of form factors 
act as suppressing factors, the big enhancement given by R± can produce very large predictions for the 
decays B — > a±, b\K. As a matter of fact we get for the four ratios in eqns. I]22 p -I]25 p results of the order 
w (59, 76, 29, 38) for the solution 6 = 32° and w (147, 9, 73, 4) for the solution 6 = 58°. This means that 
factorization terms give sizeable contributions to these decays, and especially to B — > a^if for both values 
of the mixing angle. Our conclusion is that, in view of these results, two-body nonleptonic B decays with a 
kaon and a light non-strange axial vector meson in the final state represent interesting decay channels with 
expected large branching ratios. Significant experimental deviations from the the abovementioned ratios 
would point to specific violations of the factorization model. 

It would be tempting to extend the present analysis to the case of B transitions to other orbitally excited if 
mesons. For example two decay modes with if| (1430) in the final state have been measured: B — ► if* (1430)7 
and B — > if* (1430) J/il>. The radiative transitions B — > ^(1430) have been investigated by some authors. 
In Ref. |3fJ HQET is used and the strange quark is treated as heavy, which is however a rather crude 
approximation. As a result, these authors predict B(B — > K%(U3Q)'y)/B(B — > ifi (1270)7) — 3, which is at 
odds with the data, though the predicted B — > if*(1430)7 branching ratio is in agreement with experiments. 
On the contrary in 3lJ the s quark is considered light. Also this relativistic quark model reproduces correctly 
the B — > if* (1430)7 decay mode, but predicts a too small branching ratio for B — ► if 1 (1270)7. This again 
brings up the problem with the small predicted radiative branching ratio involving if 1 (1270) state, the 
motivation for the present work. There are also more recent calculations Q with results in agreement 
with experiment for the B — > if | (1430)7 branching ratios, obtained by various techniques such as light 
cone sum rules or covariant relativistic quark models as given in the Table V of [8j. An analysis of the 
B -> K%(U3Q)J/ip decay mode is performed in These authors use the ISGW2 quark model 0, 
and find results that are however sensitive to the model-dependent form factors. Tests of factorization would 
be therefore desirable also for these channels. However it must be said that the extension of the present 
study of B — > K\ transitions to the B — > if|(1430) decay modes cannot be immediate. To study B — > K\ 
transitions we have used data from B — ► if* (892) transitions and made some further hypotheses, based on 
the chiral similarity between l - and 1 + states (see the discussion on the B ~ > KiJ/tp channel presented 
above). For B — * if* (1430) we are in a less favorable situation and some further assumption has to be made. 
We plan to come back to this issue in the future. 

Acknowledgements One of us (G.N.) thanks the Centre de Physique Theorique, CNRS, Ecole Polytech- 
nique, Palaiseau, where this work was partly done, for kind hospitality. 
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TABLE I: Theoretical branching ratios and comparison with experiment; [a] and [b] refer to the two possible values 
of the mixing angle between the K\a and K\b states, 6 = 32° and 6 = 58° respectively. The experimental values for 
the processes in lines 1, 2, 3, 5, 9 and 10 are used as inputs. 



Process 


B (theory) 


exp. 


B+ — > X*+7 


input 


(4.18 ± 0.31) X 10~ 5 (av. of [2,^? ]) 


B° -> K*°-y 


input 


(4.17 ±0.23) x 10" 5 (av. of [2, 3,? ]) 


B+ -> K+ (1270)7 


input 


(4.28 ± 0.94 ± 0.43) x 10" 5 [2£] 


B+ -» K+ (1400)7 


7.7 x 10~ 7 [a] 
4.4 x 10" 6 [b] 


< 1.44 x 10" 5 [25] 


B+ -» K*+ J/ip 


input 


(1.35 ±0.10) x 10" 3 [20] 


B+ -» #+(1270) J/ip 


0.89 x 10" 3 


(1.8 ±0.5) x 10" 3 [? ] 


B° -* K° (1270) J/ip 


0.89 x 10" 3 


(1.3 ±0.5) x 10~ 3 [? ] 


B+ -> X+(1400)J/i/' 


1.4 x 10~ 5 [a] 
8.1 x 10~ 5 [b] 


< 5 x 10 -4 [20] 


B+ -> K*°7T + 


input 


(l.9±g;|) x 10- 5 [2Q] 


B° -> X*+7T- 


input 


(l.6+°;^) x 10" 5 [20] 


B+ -» K"J(1270)7r+ 


1.0 X 10" 5 




B° -+ X+(1270)tt- 


0.85 x 10~ 5 




B+ -» 7^(1400)77+ 


0.54 x 10" 5 


< 2.6 x 10" 4 [20] 


B° -* if +(1400)7.- 


0.46 x 10~ 5 


< 1.1 x 10~ 3 [2Q] 
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